Objective: Vital exhaustion and type D personality previously predicted mortality and cardiac events in patients with chronic heart failure (CHF). Reduced heart rate recovery (HRR) also predicts morbidity and mortality in CHF. We hypothesized that elevated levels of vital exhaustion and type D personality are both associated with decreased HRR. Methods: Fifty-one patients with CHF (mean age 58 ± 12 years, 82% men) and left ventricular ejection fraction (LVEF) ≤40% underwent standard exercise testing before receiving outpatient cardiac rehabilitation. They completed the 9-item short form of the Maastricht Vital Exhaustion Questionnaire and the 14-item type D questionnaire asking about negative affectivity and social inhibition. HRR was calculated as the difference between heart rate at the end of exercise and 1 min after abrupt cessation of exercise (HRR-1). Regression analyses were adjusted for gender, age, LVEF, and maximum exercise capacity. Personality, exhaustion, and heart rate recovery 249 was a mean ± SEM decrease of 0.54 ± 0.26 bpm in HRR-1. Type D personality showed a trend toward statistical significance for being associated with lower levels of HRR-1 explaining 6.5% of the variance (p < 0.08). The likelihood of having HRR-1 ≤18 bpm was significantly higher in patients with type D personality than in those without (odds ratio = 7.62, 95% CI 1.50-38.80).
Introduction
Patients with chronic heart failure (CHF) have a markedly reduced heart rate recovery (HRR) after exercise [1] . This reduction is a reliable predictor of poor clinical outcome including heart failure-related hospitalizations [2, 3] and all-cause mortality [4] [5] [6] . The clinical role of decreased vagal tone in the manifestation and outcome of cardiovascular diseases is increasingly acknowledged [7, 8] . HRR during the first minute after the termination of physical exercise (HRR-1) primordially reflects parasympathetic activation with sympathetic withdrawal increasingly contributing to the decline in heart rate beyond 1 min after exercise cessation [9] . While parasympathetic measures of heart rate variability such as high frequency power reflect vagal modulation confined to the heart, HRR-1 is a particularly easy-to-obtain proxy measure of overall vagal tone of the human organism [9, 10] . Identifying pertinent correlates of HRR-1 might therefore advance our understanding about clinical variables potentially modulating vagal tone and associated prognosis of CHF.
Behavioral cardiology research shows that psychosocial factors are associated with clinical outcome of CHF [11, 12] . Specifically vital exhaustion and type D personality are now established psychosocial risk factors of cardiovascular disease [13] [14] [15] [16] . In patients with CHF after myocardial infarction, vital exhaustion and type D personality both predicted mortality and cardiac events independent of other prognostic factors [17, 18] . Vital exhaustion has been conceptualized as a state of extreme mental fatigue with a concomitant increase in irritability consequent to maladjustment to ongoing psychological stress [19] . Type D personality confers trait characteristics of experiencing negative affect which a person avoids to express in social interactions to prevent disapproval by others [20] . Psychosocial factors might exert part of their cardiac toll by virtue of an association with HRR; however, the literature to support this notion is currently scant given that to our knowledge only two studies on this issue have been published so far. In patients with coronary artery disease elevated levels of depressed mood were associated with reduced HRR one [21] and respectively 2 [22] min after exercise cessation. However, depression, type D negative affectivity, and type D social inhibition reflect distinct constructs in patients with cardiac disease, including CHF [23] . Depression, vital exhaustion, and type D negative affectivity were also revealed as distinct psychological concepts in apparently healthy subjects [24] . These psychometric examinations merit an investigation on a relationship between HRR-1 and psychological factors above and beyond depression.
We hypothesized that higher levels of vital exhaustion and type D personality would be associated with decreased HRR-1 in patients with CHF. We further predicted that these associations would be independent of previous correlates of reduced HRR, namely female gender [25] , increased age [25, 26] , impaired left ventricular ejection fraction (LVEF) [5, 27] , and reduced exercise capacity [26, 28] . A number of epidemiological studies suggest both a gradual and categorical relationship between reduced HRR and increased cardiovascular risk [29] . Abnormal HRR-1 is usually defined as a heart rate that declines ≤18 bpm in the first minute after abrupt cessation of exercise [30] . Applying this cut-off, we additionally explored whether psychosocial factors would relate to HRR-1 gradually and categorically assuming a threshold association in case of the latter.
Materials and methods

Patients and recruitment
All patients provided written informed consent to the study protocol which was approved by the ethical committee of the State of Bern, Switzerland. The study participants were 56 consecutively enrolled patients with ischemic and non-ischemic CHF. All patients underwent a 12-week compre-hensive outpatient cardiac rehabilitation program tailored to the needs of patients with CHF (Cardiac Prevention and Rehabilitation Clinic, Bern University Hospital, Switzerland). All data reported here were obtained before participants entered the rehabilitation program. Inclusion criteria were a primary diagnosis of clinically stable heart failure, LVEF ≤ 40% during echocardiography, no electrocardiographic signs of atrial fibrillation or atrial flutter, and HRR-1 ≥ 1 bpm. Demographic and medical data were obtained through a history and standardized assessments. Psychological data were completely missing in five patients leaving a final sample size of 51 for the statistical analysis.
Psychological assessment
Vital exhaustion
We applied the German version [31] of the 9-item short form of the Maastricht Vital Exhaustion Questionnaire (MVEQ) [32] to assess the symptom level of feelings of exhaustion. The questionnaire asks about undue fatigue, trouble falling asleep, waking up at night, general malaise, apathy, irritability, loss of energy, demoralization, and waking up exhausted. Each item is rated with 0 (''no''), 1 (''don't know''), or 2 (''yes'') points giving rise to a total exhaustion score between 0 and 18. Five subjects did not complete one item of the MVEQ scale. These missing values were replaced by the mean of an individual's completed eight items.
Type D personality
To assess the type D (distressed) personality we used the validated German version [33] of the original type D questionnaire (DS14) [20] . The DS14 comprises two subscales of seven items each to assess negative affectivity and social inhibition. Each item is rated on a 5-point Likert scale that rates a number of statements people often use to describe themselves (0 = ''false'', 1 = ''rather false'', 2 = ''neutral'', 3 = ''rather true'', 4 = ''true'') giving rise to a total score between 0 and 28 points for each of the subscales. Typical items are ''I am often irritated'' and ''I often find myself worrying about something'' for negative affectivity and ''I find it hard to start a conversation'' and ''I often feel inhibited in social interactions'' for social inhibition. Patients are classified as type D if both negative affectivity and social inhibition are greater than or equal to 10 points [20] . One subject missed one item and another subject missed two items of the negative affectivity subscale. The missing values were replaced by the mean of an individual's completed items of the negative affectivity subscale.
Exercise testing and heart rate recovery
All patients underwent symptom-limited incremental exercise testing on a computer controlled, rotational, speed independent bicycle ergometer (Ergo-metrics 800S, Ergoline ® GmbH, Bitz, Germany) while kept on their medication. Exercise testing was in accordance with a standard protocol. After an initial reference phase of 3 min, during which patients cycled without a workload, the test phase began with a 10 W/min ramp protocol until volitional dyspnea or muscle fatigue forced the subjects to terminate the exertion. The protocol stipulated passive recovery from exercise by asking all patients to stop exercise abruptly and to not perform a post-exercise cool-down phase [30] . We continuously recorded a 12-lead electrocardiogram. To obtain HRR-1 we subtracted heart rate at 1 min of passive recovery from the heart rate immediately at the end of exercise. We also recorded peak heart rate during exercise and maximal exercise capacity [W] .
Data analyses
We used SPSS (version 15.0) statistical software package (Chicago, IL, USA) for data analysis. Twotailed level of significance was set at p < 0.05. All data showed a normal distribution as verified by the Kolmogorov-Smirnov test. Student's t-test and Fisher's exact test were applied to test for group differences in continuous and categorical variables, respectively. Pearson correlation analysis was used to estimate bivariate relationships between two variables. Multivariate linear and logistic regression analyses were employed to test whether psychological factors were significantly associated with HRR-1 independent of covariates. All independent variables were forced entry into the regression equation in one block. To prevent model overfitting, we limited the number of control variables to four [34] , namely gender, age, LVEF, and maximum exercise capacity. These were selected a priori [33] based on previous literature on their possible association with HRR [5, [25] [26] [27] [28] . Table 1 shows the demographic, medical, and psychosocial characteristics of the entire sample of patients with CHF as well as the two HRR-1 patient categories. Almost two thirds of all patients had coronary artery disease and more than half were Prediction of heart rate recovery
Results
Patient characteristics
Bivariate analyses
There was an inverse relationship between HRR-1 and exhaustion (r = −0.31, p = 0.029; Fig. 1 ).
In addition HRR-1 showed a trend toward statistical significance to be lower in patients with type D personality than in those without (15. 
Controlled multivariate analyses
Continuous measures of heart rate recovery. Tables 2a and 2b show the multivariate linear regression models for exhaustion scores and type D personality as predictors of continuous HRR-1 taking into account age, gender, LVEF, and maximum exercise capacity as covariates. Exhaustion Figure 1 Bivariate relationship between exhaustion and heart rate recovery. Scatter plot with fit line (95% confidence interval) for the inverse association between the symptoms of vital exhaustion and reduced heart rate recovery in the first minute after exercise (p < 0.03). 
Discussion
In a sample of patients with CHF we investigated the relationship between HRR-1 and two psychosocial risk factors of cardiovascular disease-vital exhaustion and type D personality-both of which have been demonstrated to affect prognosis of CHF [17, 18] . We measured the decline in heart rate into the first minute of recovery from exercise because during this interval the autonomic contribution to HRR is primordially made by the vagus nerve [9] facilitating the physiologic interpretation and potential clinical implications of findings [8] . It is an unresolved issue whether the cardiovascular risk related to HRR lies along a continuum of decreased HRR or sets off only below a threshold value of reduced HRR [29] . This uncertainty prompted us to treat HRR-1 both as a continuous and a categorical variable applying a cut-off value of HRR-1 ≤ 18 bpm to define ''reduced HRR-1'' as previously suggested for exercise protocols in which exertion was abruptly stopped [30] . We found a gradual relationship between elevated levels of vital exhaustion and decreased HRR-1. The association was observed in bivariate analysis and held significance after statistical adjustment for previous correlates of HRR. Unlike covariates gender, age, LVEF, and maximal exercise capacity, which all were not significantly associated with HRR-1, vital exhaustion explained a substantial 8.4% of the variance. However, we did not observe a greater likelihood for higher levels of vital exhaustion in patients with HRR-1 below or equal to 18 bpm than in those above 18 bpm. This suggests a gradual relationship between vital exhaustion and HRR-1 rather than a categorical one. We further found that the proportion of patients who were classified to have type D personality was significantly greater in the patient group with HRR-1 ≤ 18 bpm relative to the group with HRR-1 > 18 bpm. In the multivariate model covarying for gender, age, LVEF, and maximum exercise capacity the relatively increased likelihood for having HRR-1 ≤ 18 bpm as a type D patient maintained its significance. In addition, type D personality reached a trend toward statistical significance as a predictor of continuous HRR-1. The relationship explained 6.5% of the variance and thereby supported the findings from the categorical analysis. The amount of variance explained in HRR-1 by vital exhaustion and type D was quite similar and the proportion of type D persons in the patient group with HRR-1 defined as normal was small. Therefore, we parsimoniously interpret that our findings suggest a clinically meaningful relationship between type D personality and reduced HRR-1 in CHF. However, it would be premature to deem this association more gradual than categorical or vice versa. We found 29% of our patients to have type D personality which prevalence concurs with the 23% and 33%, respectively, observed in other samples of patients with CHF [35, 36] . In addition, mean exhaustion scores of our patients were only slightly lower than in a previous study investigating CHF patients [37] . To the extent that the psychological characteristics of our patients are representative for other samples of CHF patients, the potential clinical importance of the relationship between HRR-1 and vital exhaustion and type D personality is illustrated as follows. In our patients who after adjustment for covariates had an average HRR-1 of 20 bpm, an increase of 6 points on the exhaustion scale corresponded to a decline of 3.2 bpm in HRR-1. HRR-1 was on average 5.1 bpm lower in type D patients than in non-type D patients after adjustment for covariates, too. In patients referred for exercise echocardiography, HRR-1 of 25 bpm, 22 bpm, 19 bpm, and ≤16 bpm previously predicted mortality rates of 2%, 4%, 6%, and 9%, respectively, 3 years later [38] . In other words, for each 3 bpm decline in HRR-1 there was an approximate increase of 2% in the risk of dying during follow-up. Another study followed 87 postmyocardial infarction patients with LVEF≤50% of whom 31% were defined as type D for 8 years [18] . Type D patients had a relative risk of 4.7 to experience cardiac death or nonfatal myocardial infarction relative to non-type D patients. Interestingly, other psychosocial risk factors, namely anxiety, depression, and anger did not add to the predictive power of type D personality [18] . Moreover, in 2449 patients with myocardial infarction, the negative impact of late ventricular failure on survival was greater in the presence of high versus low scores of vital exhaustion prior to the infarction and after taking into account clinical characteristics [17] . The authors concluded that the implications of a strong independent predictive value of vital exhaustion as a psychological construct should not be discounted in the clinical management of patients with CHF [17] . The recently completed Exhaustion Intervention Trial indeed demonstrated that a behavioral intervention in patients who felt exhausted after successful percutaneous coronary intervention reduces vital exhaustion scores at least in those without a history of a previous coronary event [39] . In addition, type D scores decreased in patients with coronary artery disease undergoing expanded cardiac rehabilitation with components stress management and increased physical training [40] . Whether decrease in vital exhaustion and type D personality is associated with an increase in HRR-1 has not previously been explored. If a reduction in vital exhaustion and type D characteristics through therapy lowers psychological distress, this might theoretically restore the stress-associated perturbation of the central autonomic network to improve vagus nerve function and HRR-1 in particular [8] . Exercise rehabilitation leads to an increase in HRR [41] and was also employed in the above mentioned randomized trials tailored to reduce vital exhaustion and type D characteristics [39, 40] . Exercise regimens are standard in comprehensive cardiac rehabilitation programs delivered to CHF patients. Therefore, studying whether reduction in vital exhaustion and in type D characteristics due to cardiac rehabilitation potentially relate to an increase in HRR-1 merits further effort. Our study was not designed to prove causality. Therefore, intervention studies targeting either psychosocial factors (i.e. vital exhaustion and type D personality) or HRR-1 might help better understand the direction of their relationship and, moreover, whether reducing psychosocial distress is an effective means to improve HRR-1 or vice versa.
It is currently unclear why abnormal HRR after exercise is associated with increased cardiovascular morbidity and mortality, although a relationship with greater active ischemia and parasympathetic insufficiency are possible physiologic underpinnings [29] . This notion concurs with experimental studies showing that HRR after the first minute of exercise cessation predominantly reflects vagal tone [9, 10] . The vagus nerve exerts tonic inhibitory control over tissue macrophages thereby curtailing inflammatory activity [42] . When this cholinergic anti-inflammatory pathway is weakened the production of pro-inflammatory cytokines such as tumor-necrosis factor (TNF)-␣, interleukin (IL)-1, and IL-6 is upregulated [43] . The contribution of cytokine toxicity to the prognosis of CHF is abundant given that, for instance, TNF-␣ is highly expressed in the failing myocardium [44] . In patients with stable CHF, circulating levels of TNF-␣ were higher in type D patients than in non-type D patients [36] . In addition, vital exhaustion directly correlated with plasma levels of C-reactive protein in healthy subjects [45] . This intriguing research should prompt further investigations about whether increased inflammatory activity is a common mechanism involved in the poor prognostic value of vital exhaustion and type D personality and decreased HRR in CHF.
Our findings should be interpreted within the limitations of the study design. The sample size was rather small, thereby limiting statistical power and adjustments for additional potentially important correlates of vagal function related to life style and comorbidities [8] . If our findings are confirmed in a larger sample, this would support the robustness of an association between psychosocial risk factors of cardiovascular disease and HRR-1. Although this possibility remains to be explored, the relationships between vital exhaustion and type D personality on the one hand and reduced HRR-1 on the other might not be restricted to CHF but also to other types of heart diseases. The sample included predominantly men and virtually all patients were treated with beta blockers. However, we statistically controlled for gender and whether beta blockade influences HRR is unclear [5, 46, 47] . Finally, our study was cross-sectional precluding any inferences about a causal direction of the observed relationships.
To conclude, the findings of the present study suggest an independent association between higher levels of vital exhaustion and type D personality on the one hand and reduced HRR-1 as a proxy measure of impaired vagal tone on the other. The findings concur with the prognostic impact of these psychological constructs as well as of decreased HRR in previous studies on patients with CHF suggesting that their relationship might be of clinical importance.
